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Objectives: the aim of this study was to estimate the agreement between ultrasonography (US) and computed tomography
(CT) in the measurement of aortic diameter in subjects with and without abdominal aortic aneurysms (AAA).
Material and Methods: sixty-one subjects were investigated, 33 with a diameter4 30 mm and 28 with a diame-
ter5 30 mm. Difference and variabily anteroposterior (AP) and transverse (TR) diameters were analysed.
Results: in non-aneurysmal aortas US gave larger AP: 2.8 mm (95% CI 1.7±4.0) and TR: 3.8 mm (2.3±5.3) diameter.
In AAAs the mean diameter did not differ significantly. In non-aneurysmal aortas we expect 95% of differences to
be 5 5.7 mm in AP and 5 7.6 mm in TR measurements. In aneurysmal aortas we expect 95% of differences to be
58.0 mm in AP and 510.6 mm in TR measurements.
Conclusion: the difference and variability between US and CT varies depends on the diameter of the aorta and how it is
measured. These differences have importance for clinical practice and for research.
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Ultrasonography (US) and computed tomography
(CT) are the main modalities used to measure aortic
diameter. Ultrasound has emerged as the most prac-
tical method for screening and follow-up of infrarenal
abdominal aortic aneurysms (AAA) while CT has
become the preferred preoperative imaging technique.
However, significant intra- and interobserver vari-
ability has been reported for both methods.1±7 This
may effect the diagnosis and the decision to operate
and it is essential to know how measurements
obtained with these two techniques interrelate.
The aim of this study was to estimate the agreement
between the two techniques in measuring the dimen-
sions of the abdominal aorta in subjects with and
without AAA. The importance of aortic size, plane of
measurement and body mass index (BMI) was also
evaluated.Supported by grants from The Co-ordinate Centre of the Northern
Counties of Sweden (VISARE-NORR), the County of VaÈsternorr-
lands Research and Development (FoU) Centre, the Gore Sweden
Research Foundation, the Ture Stenholm's Foundation for Surgical
Research and the Swedish Medical Research Council 00759.Please address all correspondence to: A. Wanhainen, Department
of Surgery, OÈ rnskoÈ ldsvik County Hospital, S-891 89 OÈ rnskoÈldsvik,
Sweden.
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Patients
The study group was recruited from a population-
based AAA screening programme.8 We examined
475 men and women aged 65±75 years by US, of
whom 72 were evaluated with CT (62 because of an
aortic diameter 28 mm or more and 10 as part of
an initial pilot-study, performed to validate the US-
technology). Eleven subjects were excluded because of
visibility problems. Thus, a total of 61 subjects (51 men
and 10 women) were investigated with both imaging
techniques, and included in this study (Fig. 1).
Imaging
Abdominal aortic investigation was carried out with
an Acuson 128/10 instrument with a linear 4-, 3.5- or
2.5 MHz transducer or a convex 5- or 3.5 MHz trans-
ducer. All US examinations were performed by the
same experienced radiologist. The subjects were
fasted four hours before examination. The CT-scans
were carried out at SkellefteaÊ County Hospital with
a General Electric High Speed machine. Helical
CT-scans were done with 10 mm slices at 7.5 mm
increment (space) from the xiphoid process to therights reserved.
Measuring the Abdominal Aorta with US and CT 429aortic bifurcation. No intravenous contrast was admi-
nistered. The images were stored on an optical disc
from which the readings were done afterwards on a
workstation (Advantage Windows) by one radiologist,
blinded to the US results.
The largest anteroposterior and transverse dia-
meters were measured using the outermost US reflec-
tion with the transducer parallel to the longitudinal
axis of the vessel and the outermost CT brightness of
the infrarenal aorta. A non-aneurysmal aorta was
defined as having a maximum infrarenal diameter
less than 30 mm measured with CT and an AAA
as having a diameter equal to or more than 30 mm
measured with CT, as described by McGregor et al.9
Statistics
Agreement, or more correctly lack of agreement,
includes two components in this work; difference
and variability. The analysis technique proposed by
Bland and Altman10 was used to measure the lack of
agreement between the two techniques where the
mean difference between US and CT (US diameter ±
CT diameter) is the estimated bias, that is the
systematic difference between the techniques, and
the standard deviation (SD) of the differences measure
random fluctuations (variability) around this mean.
They recommended 95% limits of agreement (mean
difference 1.96 SD) which tell us how far apart
measurements by the two techniques are likely to be
for most individuals. To check for changes in variabil-
ity and bias they suggested a scatter plot, whereMaximum infrarenal aortic diameter (mm)
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Fig. 1. Distribution of aortic diameter determined by means of US in
475 men and women. Individuals with a diameter of 28 mm (broken
line) or more were evaluated with CT.the difference is plotted against the average of the
measurements by the two techniques.
The differences will be reported as mean in mm
(95% CI of the sample difference). The level of signifi-
cance was tested by paired t-test. Assessment of
Normality was done by evaluating the shape of a
histogram of the distribution and of a Normal plot
(Normal Q±Q plot). The correlation between differ-
ence and aortic size and between difference and BMI
will be reported in terms of Spearman's rank correla-
tion coefficient and the null hypothesis (i.e. zero
correlation) was tested using t-distribution.
The variability will be reported as 95% limits of
agreement (mean difference 1.96 SD) also adding
the limits of `` 2 mm or less'' and `` 5 mm or more'' as
adopted by Lederle et al.1 and the limits of `` 10 mm or
more'' and the concept of `` clinically acceptable differ-
ence'' (CAD), described by Jaakkola et al.2 These limits
express the proportion of observed differences within
each limit while CAD expresses the proportion of
differences less than 5 mm.
Statistical evaluation of the data was carried out
with a computer software package (SPSS PC version
10.0). The study was approved by the Ethics
Committee of UmeaÊ University and informed consent
was obtained from each person investigated.
Results
An AAA was found in thirty-three persons. The mean
(SD) age was 70.4 years (2.8) in the non-aneurysmal
group and 71.8 years (2.7) in the aneurysmal group.
Table 1 shows diameters in the different groups for the
two techniques.
Difference
Despite a few outliers seen in the Normal plot, the
difference was considered Normally distributed
(Gaussian) (Fig. 2).Table 1. US and CT diameters in non-AAA- and AAA-groups
as well as in all investigated.
Category n Technique Diameter (mm)
Mean SD Minimum Maximum
non-AAA 28 US 28.4 3.2 18.0 36.0
CT 25.7 2.8 20.7 29.9
AAA 33 US 39.1 13.2 26.0 80.8
CT 40.4 11.7 30.5 70.6
All 61 US 34.2 11.3 18.0 80.8
CT 33.6 11.5 20.7 70.6
A diameter of 30 mm with CT was used as a dividing line between
AAA and non-AAA.
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Fig. 2. Difference between US and CT (US ± CT) in anteroposterior measurements displayed in a histogram, with a Normal curve, and in a
Normal plot.
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Fig. 3. The mean difference between US and CT (US ± CT) in
non-aneurysmal and aneurysmal aortas for anteroposterior and
transverse measurements with 95% CI, with zero difference as a
reference line.
Mean diameter in mm (US+CT/2)
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Fig. 4. Differences between US and CT (US ± CT) in mm against
mean diameter for anteroposterior- and transverse measure, with
regression line.
430 A. Wanhainen et al.In non-aneurysmal aortas (diameter5 30 mm) there
was a significant difference between US- and CT-
measured diameters (p5 0.001), US systematically
giving larger diameters by 2.8 (95% CI: 1.7±4.0) mm
in the anteroposterior plane and 3.8 (2.3±5.3) mm in
the transverse plane. In AAAs the diameters did not
differ significantly (Fig. 3).
Figure 4 shows a scatter plot, where the difference is
plotted against the average of the measurements by
the two techniques. As shown, the difference
appears to be independent of the aortic size, thus theEur J Vasc Endovasc Surg Vol 24, November 2002proportional difference is larger for small aortas as
illustrated in Figure 5, where the difference in percent-
age is plotted against mean diameter. The correlation
coefficient was ÿ0.38 (p 0.002) for anteroposterior
measurements and ÿ0.37 (p 0.003) for transverse
measurements.
No correlation between difference and BMI was
found. The correlation coefficient was 0.07 (p 0.62)
for the anteroposterior diameter and ÿ0.03 (p 0.83)
for the transverse diameter. There were no sig-
nificant differences between anteroposterior and
Table 2. US and CT agreement for different diameters.
Anteroposterior Transverse
Non aneurysmal aortas (28)
Mean difference (SD) 2.8 mm (2.9) 3.8 mm (3.9)
95% CI of the observed
difference
1.7±4.0 mm 2.3±5.3 mm
95% limits of agreement ÿ2.9±8.5 mm ÿ3.8±11.4 mm
2 mm or less 46% 36%
5 mm or more 25% 50%
10 mm or more 0% 4%
CAD-value 75% 50%
Aneurysmal aortas (33)
Mean difference (SD) ÿ0.7 mm (4,1) 0.4 mm (5.4)
95% CI of the observed
difference
ÿ2.1±0.7 mm ÿ1.5±2.3 mm
95% limits of agreement ÿ8.7±7.3 mm ÿ10.2±11.0 mm
2 mm or less 42% 27%
5 mm or more 24% 33%
10 mm or more 0% 6%
CAD-value 76% 67%
All aortas (61)
Mean difference (SD) 0.9 mm (4,0) 2.0 mm (5.0)
95% CI of the observed
difference
ÿ2.1±0.7 mm ÿ1.5±2.3 mm
95% limits of agreement ÿ6.9±8.7 mm ÿ7.8±11.8
2 mm or less 44% 26%
5 mm or more 25% 37%
10 mm or more 0% 5%
CAD-value 75% 63%
SD Standard deviation, CIConfidence interval,CAD-value
clinically acceptable difference, 5 mm.
Mean diameter i mm
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Fig. 5. Differences between US and CT (US ± CT) in percentage
against mean diameter for anteroposterior- and transverse measure,
with regression line.
Measuring the Abdominal Aorta with US and CT 431transverse diameter in neither group. Table 2 shows
the difference in both groups for the two diameters
with 95% CI.
Variability
In non-aneurysmal aortas the limits of agreement was
ÿ2.9±8.5 mm for anteroposterior measurement and
ÿ3.8±11.4 mm for transverse measurement. Thus, we
expect 95% of differences to be less than 5.7 mm
(1.96 SD) in anteroposterior measurements and less
than 7.6 mm in transverse measurements. The CAD
value was 75 and 50% for anteroposterior and trans-
verse measurements respectively (Table 2).
In the aneurysmal aortas the limits of agreement
was ÿ8.7±7.3 mm for anteroposterior measurement
and ÿ10.2±11.0 mm for transverse measurement. We
could therefore expect 95% of differences to be less
than 8.0 mm in anteroposterior measurements and
less than 10.6 mm in transverse measurements. The
CAD value was 76 and 67% for anteroposterior and
transverse measurements respectively (Table 2).
Figure 6 illustrates the large mean difference and
low variability in anteroposterior diameter in non-
aneurysmal aortas compared to no mean difference
but high variability in transverse diameter in aneur-
ysmal aortas.
Discussion
There is no `` gold standard'' for measuring the aortic
diameter.1,2 In the majority of published studies, US isused for practical and economic reasons.3 The
reported interobserver variability is 2.2±7.5 mm in
AP and 2.8±15.5 mm in TR diameter.1±6 Jaakkola et al.2
found the interobserver variability to be larger in
aneurysmal than in non-aneurysmal aortas, while no
such difference was demonstrated by Ellis et al.4 or
LaÈnne et al.11 The reported interobserver variability in
CT is 2.8±4.3 mm for AP diameters.1,2,7 Jaakkola et al.2
found a mean interobserver variability of 7.0 mm for
TR diameters in aneurysmal aortas. Aarts et al.7
demonstrated that the observed variability decreased
when going from hard copy to workstation.
The agreement between US and CT has been eval-
uated in previous studies1,2,4,12±14 (Table 3). Our find-
ing that US overestimates the diameter compared to
CT is consistent with that reported by Ellis et al.4 In
that same study the proportional difference was larger
for small aortas, as seen in the present study. Others
have found US diameters to be smaller compared with
CT1,2,14 while Grimshaw et al.12 found no consistent
bias between the measurements. The observed differ-
ence in mean diameter in our study was confined to
subjects with non-aneurysmal aortas. No difference in
mean diameter was found in subjects with aneurys-
mal aortas.Eur J Vasc Endovasc Surg Vol 24, November 2002
Table 3. Studies on comparison between US and CT. To facilitate comparison our data are presented in total (61) as
well as the aneurysmal subgroup (33) and the non-aneurysmal subgroup (28).
Study n Mean
difference
(mm)
SD 95 limits of
agreement
Difference (%)
2 mm
or less
5 mm
or more
10 mm
or more
Jaakkola2 33  ÿ2.1 ± ± 54 16 ±
Thomas15 36  ÿ4.4 3.2 ÿ10.7±1.9 ± ± ±
Present study 61   0.9 4.0 ÿ7.1±8.9 44 25 0
Jaakkola2 19  ÿ2.6 3.9 ÿ10.4±5.2 48 26 ±
Grimshaw13 20  ÿ0.1 1.8 ÿ3.5±3.4 ± ± ±
Lederle1 258  ÿ2.7 4.9 ÿ12.4±7.0 44 33 ±
Ellis4 10   0.1±3.1 ± ± ± ± ±
Gomes14 28  ÿ1.0 ± ± ± ± 57
Present study 33  ÿ0.7 4.1 ÿ8.8±7.5 42 24 0
Jaakkola2 14  ÿ1.5 2.1 ÿ6.2±2.0 61 5 ±
Present study 28   2.8 2.9 ÿ2.9±8.5 46 25 0
Both aneurysmal and non-aneurysmal aortas included.Only aneurysmal aortas included.Only non-aneurysmal aortas included.
DifferenceUS ± CT.
(a) Anteroposterior aortic diameter (mm)
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(b)Transverse aortic diameter (mm)
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Fig. 6. Difference (US ± CT) and variability (95% limits of agreement) between US and CT determined anteroposterior diameter in 28 non-
aneurysmal aortas (a) and transverse diameter in 33 aneurysmal aortas (b), with mean difference (broken line) and 95% limits of agreement
(dotted line). Illustrating the high difference and low variability in anteroposterior diameter in non-aneurysmal aortas compared to no
difference and high variability in transverse diameter in aneurysmal aortas.
432 A. Wanhainen et al.When the differences in size between the two tech-
niques were divided and analysed as two subgroups
(AAA and non-AAA), a significant difference was
observed in non-AAA but not in AAAs. Thus, it
appears that the smaller the aorta the larger the differ-
ences. However, when the same data were analyzed in
a different way (correlation between differences and
aortic size) no such relationship was observed. As
with any data-set, when dividing into subgroups,Eur J Vasc Endovasc Surg Vol 24, November 2002the criteria that define these groups will influence
the results. The dividing line of 30 mm determined
by means of CT is not a natural biological distinction,
but has been considered clinically relevant.
Our finding that the variability between the two
techniques was larger in aneurysmal than in non-
aneurysmal aortas is supported by Jaakkola et al.2
while no such difference was observed by Thomas
et al.15 In our study the transverse measures had a
Measuring the Abdominal Aorta with US and CT 433larger variability than anteroposterior measurements,
also seen by Ellis et al.4 The lack of agreement between
US and CT was observed in the present study despite
the fact that 15% (11/72) of the subjects examined with
both techniques were excluded due to suboptimal
visibility with US. Thus, all US-examinations were
considered to be of high quality.
The question of whether or not screening pro-
grammes for AAA are worthwhile is controversial.
One of the prerequisites is a reliable diagnostic
method. In the AAA screening programme,8 from
where the study group was recruited, both US and
CT were used in diagnosing AAA. When an AAA was
defined as a maximum infrarenal anteroposterior
diameter of 30 mm or more, the prevalence in men
aged 65±75 years was 16.1% by means of US compared
to 14.2% when CT was the diagnostic method. The
difference in prevalence was not significant, but
several patients with an AAA became `` healthy'', if
the results of CT were relied upon. The difference
between measuring sites did not influence the pre-
valence in the population screening.
How should we apply this information into clinical
or scientifically practice? It seems as if systematic
difference (bias) is conditioned locally and should
therefore be assessed regularly, to facilitate the
decision-making process. The variability seen in trans-
verse measures (in this study a SD as high as 5.4 in
aneurysmal aortas and a CAD-value of only 50% in
non-aneurysmal aortas) is unacceptable. Therefore,
measuring the anteroposterior diameter is preferred,
although only a difference of 8 mm or more is likely to
signify a real difference. We have all experienced sud-
denly rapid growing aneurysms or aneurysms that
seems to grow very slow, not at all or even seems to
decrease in size. Whether this is a true growing pat-
tern or an expression of intraobserver, interobserver or
intertechnique differences should be assessed at the
local institution. In routine clinical practice a person
with an aortic diameter of 25 mm is considered
healthy, and a person with a diameter of 33 mm is
informed of having a potentially lethal disease requir-
ing yearly ultrasound surveillance. But these two per-
sons may in fact have exactly the same aortic diameter.
One quarter of our patients will have a difference
greater 5 mm between US and CT measurements.
Should we have a sparse surveillance on persons
with an aortic diameter of 25±29 mm, performing
a new US after three years? Or should we may be
perform a CT to be able to inform the person if he is
healthy or not?
Technical improvement may reduce the variability.
LaÈnne et al.11 reported improved reliability of a newly
developed echo-tracking ultrasonic system measuringthe luminal interface, with an intra- and interobserver
variability less than 1 mm. Measuring aneurysm
volume instead of diameter may reduce variability.
Conclusion
We have found a significant difference between dia-
meters measured with US and CT. This difference
where US overestimated the diameter was confined
to subjects with non-aneurysmal aortas, while no
difference of mean value was seen in aneurysmal
aortas. The variability, however, between the two tech-
niques was greater for aneurysmal aortas and for the
transverse diameters. Thus, the difference and vari-
ability vary depending on the diameter of the aorta
and how it is measured. These differences have
importance for clinical practice and for research.
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